The objective of the present study was to compare differences between elderly rats and young obesity-induced rats in their activity/inactivity circadian rhythm. The investigation was motivated by the differences reported previously for the circadian rhythms of both obese and elderly humans (and other animals), and those of healthy, young or mature individuals. Three groups of rats were formed: a young control group which was fed a standard chow for rodents; a young obesity-induced group which was fed a high-fat diet for four months; and an elderly control group with rats aged 2.5 years that was fed a standard chow for rodents. Activity/inactivity data were registered through actimetry using infrared actimeter systems in each cage to detect activity. Data were logged on a computer and chronobiological analysis were performed. The results showed diurnal activity (sleep time), nocturnal activity (awake time), amplitude, acrophase, and interdaily stability to be similar between the young obesity-induced group and the elderly control group, but different in the young control group. We have concluded that obesity leads to a chronodisruption status in the body similar to the circadian rhythm degradation observed in the elderly.
Rhythmic oscillations are present in numerous physiological functions (23) . Human homeostatic systems are adapted to daily environmental changes provoked by the Earth's rotation in such a way that the body anticipates sleep and activity periods (21) . All organisms maintain a large number of physiological functions such as the sleep/wake cycle, locomotor activity, temperature regulation, and circulating hormones, among others, under the control of the endogenous circadian clock (2) . The sleep/wake circadian rhythm is a crucial process for maintaining a healthy lifestyle due to the fact that many processes such as immune system re-establishment, neural repair and resting take place during sleep time. (3) .
It is well known that circadian rhythms in the elderly (both humans and other animals) present several impairments. These populations suffer from lower amplitude, advanced phase, longer sleep onset and greater locomotor activity, and lower sleep efficiency with respect to young individuals (7, 30, 39) . These circadian rhythm impairments have been found in other pathologies such as Alzheimer's disease, depression, schizophrenia, vascular disorders, metabolic syndrome, and obesity, among others (7, 19, 23, 47) .
The suprachiasmatic nucleus (SCN) is considered to be the master clock of vertebrates, and sets the timing of functions which follow circadian rhythms through both neural and humoral messengers such as melatonin (synthesized in the pineal gland) and neurotransmitter GABA (γ-aminobutyric acid), together with other molecules (11, 18, 44) . Among others, endocrine organs are regarded as peripheral oscillators. These have their own circadian clocks, and are coordinated by the SCN. Some examples are the liver with the circadian biosynthesis of cholesterol, and the pancreas, which is involved in the circadian rhythm of glucose regulation (28) .
Complications of obesity include high body mass index, cardiovascular disease, endothelial dysfunction, impaired glucose tolerance, type-2 diabetes mellitus, and dyslipidaemia, among others. Previous ways of combating excess body weight have failed, and new approaches need to be taken (21) . One of the possibilities lies in the field of chronobiology: obesity has been studied from a chronobiological perspective in the last few years, and several important changes in circadian rhythms have been found to join it (14) . Indeed, white adipose tissue shows a circadian rhythm in its own active metabolism (5) . Previous studies have reported the possibility of alterations in the biological rhythms of adipose tissue in cases of obesity or metabolic syndrome due to changes in hormonal action (26, 27) . White adipose tissue hormones actuate circadian metabolism, endowing adipose tissue with a peripheral oscillator role with consequences for other circadian biorhythms (24) .
The objective of the present study was to evaluate if the issue of induced obesity in young rats can affect their activity/inactivity circadian rhythm, and to compare any such changes with locomotor activity circadian patterns in elderly rats.
Materials and Methods

Animals
To perform the experiment, 32 four-month-old adult male Wistar rats were separated into two groups -a young control group (n = 16) and an induced-obesity group (n = 16). A third group, the elderly control group, was formed with 12 two-and-a-half-year-old rats whose body weights were not taken into account. The animals were individually housed under controlled environmental conditions at 24 ± 1°C, with a 12 h /12 h light-dark photoperiod.
The study was approved by the Bioethical Committee of the University of Extremadura (Badajoz, Spain) in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals and the European Community's Council Directives (86/609/ EEC).
Animal diets
Both the young control group and the elderly control group were fed A control maintenance chow for rodents (A04, SAFE: Scientific Animal Food & Engineering©). The induced-obesity group was fed the Purified Diet 230 HF made by SAFE© (Vannes, France), the composition of which is presented in Table I . Every group was fed ad libitum (food and water). Diets used in the assay: Standard diet (A04, SAFE©) used to feed both young and old control groups, and a hypercaloric diet (Purified diet 230F, SAFE©) used to elicit obesity in the treatment group. Non-specified percentages are due to moisture.
Activity measure
Each cage was equipped with an infrared actimeter system to detect activity using two crossed perpendicular infrared beams situated on a plane 70 mm above the sustenance plane.
Motor activity data for each cage were automatically logged every 15 min onto a single personal computer, and analysed every 7 days for all the different experimental groups using the program DAS 24© (Barcelona, Spain) (21) . For the statistical calculations and the mathematical modeling, the data were binned into hourly intervals. Rhythmicity was measured with the software (Ritme©, Barcelona, Spain) which performs a cosinor analysis fitting a sinusoidal function to the experimental variables. The mathematical expression used is:
where M is the MESOR (Midline-Estimating Statistic Of Rhythm), A is the amplitude of the function, ω is the angular frequency 2π/T (where T is the period, in the present case T = 24 h), and φ is the acrophase.
Non-parametric circadian rhythm variables
The interdaily stability (IS) quantifies the invariability between days, thus providing an indication of the strength of coupling of the rhythm to the supposedly stable environmental zeitgeber. It is calculated as the ratio between the variance of the average 24-hour pattern around the mean and the overall variance:
where n is the total number of data, p is the number of data per day (in this assay 24), are the hourly means, is the mean of all data, and represents the individual data points.
The intradaily variability (IV) gives an indication of the fragmentation of the rhythm, i.e., the frequency of and extent of transitions between rest and activity and is calculated as the ratio of the mean squares of the differences between successive hours (first derivative) and the mean squares around the grand mean (overall variance).
For the statistical analysis of the data, the software package Graphpad Prism v. 5.02© (La Jolla, USA) was used. Two types of study were carried out: 1. Descriptive, calculating as representative values of the arithmetic mean ± standard error. 2. Hypothesis testing. Because of the available sample size, a Kolmogorov-Smirnov test was applied to check the normality of the study variables. The results were analysed using Student's t-test or the Mann-Whitney U-test, with the significance level taken to be p < 0.05. To elucidate which experimental group could have significant differences Dunn´s Post Hoc was performed when it was required.
Results
After four months, the young obesity-induced rats had a greater body weight than the young control rats (p < 0.001), as can be seen in Fig. 1 . The rats' diurnal activity (sleep time) is represented in Fig. 2 which shows high activity both in the young obesity-induced group (p < 0.001) and in the elderly control group (p < 0.001) in contrast with the young, control rats. Also, the obesity-induced rats have increased their sleep activity when compared to the elderly rats (p < 0.05).
Nocturnal locomotor activity was similar in the young obesity-induced rats and the elderly control group (Fig. 2) . Moreover, these groups had lower values of activity (p < 0.001) than the young control group during the awake period.
Regarding chronobiological parameters, the MESOR (A), the amplitude (B) and the acrophase (C) are represented in Fig. 3 . MESOR did not show any statistical difference amid any group. Amplitude and acrophase showed lower values when comparing both elderly control rats and obesity-induced rats (p < 0.001 in both groups' amplitude, and p < 0.05 in both groups' acrophase). vs. obese-like rats (72.99 ± 2.6; n = 16); ***p < 0.001 young control rats vs. old control rats (62.86 ± 11.8; n = 12); + p < 0.01 obese-like rats vs. old control rats. B) Nocturnal activity -activity during the wakefulness period-. ***p < 0.001 young control rats (142.57 ± 5.4; n = 16) vs. both old control rats (98.80 ± 11.10; n = 16) and obese-like rats (108.03 ± 3.36; n = 12). (Fig. 4) , only the elderly control group showed differences compared to the young control group (p < 0.05).
Discussion
Ageing is a very complex process that shows symptoms of chronodisruption that produces sleep disturbances (30) and other physiological or psychological dysfunctions (2), including impaired nutrient absorption (37, 47) , immunosenescence (9, 31, 48) , decrease in hormone levels (38) , and neuronal cell death (20, 40) . The elderly rats used in our research showed such chronodisruption symptoms as an increase in diurnal activity (sleep time) and intraday variability in locomotor activity. There were also decreases in nocturnal activity (awake time), amplitude, and interday stability, and an advance in phase (acrophase) in contrast with the young control rats. These locomotor alterations have been correlated with lower serotonin and melatonin levels, widely accepted as changes that occur with ageing. Indeed, the increase of the neurotransmitter´s levels of serotonin or indole melatonin is capable of reconsolidate the sleep/wake cycle in elderly humans and animals (25, 39) .
Locomotor activity decreases, in obesity, have been appointed classically as consequences provoked by a reduction in muscle mass, which may be substituted by adipose tissue without changes in body weight. In addition, Bartol-Munier and colleagues (4) have reported that both locomotor activity and interdaily stability drop during wakefulness due to diet, when a high-fat diet is administered to get obese animals. Moreover, these changes were confirmed by our research group previously in a similar essay carried out in animals which were fed a high-fat diet (6) .
White adipose tissue is not only an energy store but also an active endocrine organ which produces hormones and bioactive peptides, known as adipokines, which act at both the autocrine/paracrine and endocrine levels (15) . In recent years, it has been reported that some functions of adipose tissue follow a rhythmic pattern which give to this tissue the role of peripheral oscillator (29, 32) . Leptin hormone is produced by adipose tissue as a function of fat stores, i.e., after release by the adipose tissue, leptin provides signals to the brain giving information about the status of the body's energy stores (43) . In obese individuals, a physiological status of leptin resistance has been reported. Moreover, alterations in leptin signalization are implicated in sleep/wake cycle alterations, so that they may represent an important link between metabolic regulation and sleep. Indeed, ob/ob (leptin-deficient) mice show an unconsolidated sleep/wake cycle (33) . It has been shown that both leptin deficiency and high leptin levels are related to locomotor activity, sleep disturbances, and the hormone ghrelin: in obesity, high leptin levels provoke leptin-resistance -a decrease in the sleeppromoting hormone effect -and an increase in the levels of ghrelin, a hunger hormone which increases with sleep restriction (14, 35) .
Recently, it has been suggested that high-fat diets in rats produce several changes in the expression of circadian-clock genes. Clock genes are present in all tissues, and their products interact reciprocally both at the transcriptional and at the translational levels to produce circadian oscillations (28) . The CLOCK and BMAL1 proteins (which have the basic helixloop-helix functional domain, providing them with a DNA-binding capacity) form a heterodimer through the PAS domain comprising the positive limb of the circadian oscillator (10) to activate the E-box-mediated transcription of Per and Cry genes as negative elements repressing the transcriptional activity of CLOCK:BMAL1 (1). In addition, Rev-erbα and RORα, another two E-box-mediated genes, repress and activate Bmal1 transcription, respectively (16) . Once PER and CRY reach a critical level, they enter into the nucleus to inhibit the transactivation mediated by the CLOCK:BMAL1 complex, i.e., PER and CRY inhibit their own transcription (17, 21) . Casein kinase I epsilon and delta (CKIε/δ) phosphorylation of the PER and CRY proteins promotes their proteasomal degradation, an important step in the generation of circadian rhythmicity (22) . It has been proposed that highfat diets are able to increase CKIε activity and lead to mPER2 degradation, thus provoking an advance in phase of the circadian expression pattern of clock genes (21) .
The results of the present study have shown a reduced amplitude and an advanced phase in the locomotor activity/inactivity circadian rhythm of young obesity-induced rats and elderly control rats in relation with the young control group. In addition, lower nocturnal activity and greater diurnal activity were observed in the elderly control and the obesityinduced groups compared to the young control group. Previous studies have reported that obesity-induced mice have an altered circadian genetic expression when compared to control groups. An advanced phase in liver and lower amplitude in adipose tissue is caused by Rev-erbα alterations, whose action is affected by consumption of a high-fat diet (45% fat) in control mice (36) . While such alterations are chronodisruption symptoms, which are associated with elderly individuals, our research group has also found them in young inducedobesity rats. One can thus consider that obesity is able to modify the body's rhythmic physiological patterns, producing the same alterations that appear in the elderly.
Finally, a loss of circadian rhythm consistency was observed in the obesity-induced and the elderly rats as was shown by the interdaily stability, although the induced-obesity rats showed no statistically significant changes in Intradaily Variability whereas both of these parameters are impaired in ageing (30) . This visible link between chronodisruption in the elderly and obesity-induced subject is coherent with previous studies carried out at molecular levels (34) . To sum up, a high-fat diet may provoke a chronosenescence status in the biological rhythms of young individuals.
To support the link between old chronotype and obesity-induced ones, we have found there are not many references in scientific literature establishing similarities between obesity and aging: several research have been carried out in this field with interesting results. These researches have been mainly focused on immunity, like proinflammatory variables measured in gene expression -cellular senescence -(45), natural killer activity (12) , lymphocyte proliferation (13) strengthening in this way the concept of immunosenescence (38) . From a non-immunity point of view, some researches have reported that obesity leads to a premature senescence in heart (41) and in vascular endothelium (8, 47) ; even, inflammation due to body weight excess has been related with erosion of telomeres in DNA (42) as it occurs in aging.
The present results have shown that the induced-obesity activity/inactivity chronotype presents major similarities with those of old individuals, and that both of these groups differ from young individuals in their sleep/wake circadian rhythm patterns. The findings add further support to the idea that epigenetic methods, such as healthy diets based on chrononutrition principles or daily physical exercise may contribute to reducing body weight and re-consolidating circadian rhythms.
